7* Y-**<!?<nmk%fe%Xfi7* v-?*?-??^? 



^fttamn, 0*1^12 003-105921 -s-©«$ig*s&£!&u 

y^MtiSCD (critical dimension) JftftcOWc bo£ tDEaiias^X 3 r 



2 



*T*'<^*- vsr^-rs^^- h^^^^#ff e>tts„ ;©7t 

-tUT, tflx-ff, — ^©HlP*j8l*^i"5«««te*ii,JeixRI 

<fc*K ^y^^flH* (^s^^j**, 3KR*fc*if) #ggflSU ^<om^ 
3 5 3I#1) 0 

±»tfcc^^^«KJ;SCD«flEofiT#WIBi:)5iiS7* h^x* 
V^*fe*S$>5 (08*.tf, #§1200 1-1 8 38 0 9^&#ft#JR0o -f-Jfefrfc, 



3 



-^WMtttfe^hZ (^Jx.f^ #B§sp 8 - 2 3 4 4 1 0-§^«#fiR). 
L#>L&/3S£>, 3$gB2 001-18380 9-^^^&W^5p8 - 2 3 4 4 

16, 472. i o 7%rizmmzwtj?m&hz. r^gucf*, mytmox- 

v^S&T i x T i W, W N Si 3 N 4 . S i O z , T i N» 

t£-7* Y^*?*Wclk-lrZ>WZ-, <&ffl 2001-18380 9^^t)«#§i 

¥8-2 34 4 1 o^m<D£5ic*m&m<ote^'<?-^&M&-tz>&&tii 

fcV\ W % *B4$flF$6, 4 7 2, 1 0 7-fr{21iett$ftfcJ:5fc % /n— K"^^ 

< J^b^^&ftTI^S (Mtlf, #^8g6 3-3 9 8 9 2 f ^4^#f,) 8 
CDfjfg£|6jJb£it5 i V* 5 JlSi:, iW^aAH/^- ^CSCDift 



4 



¥1 0-6 905 5^f8fC&§7jt£;ft,-CV>£ 0 

mats-? hi-*?**, ±.\z.ma ;f y7*—n$:m-t. 

7 hMI^e>*5o rtve>^+g>>7 h-^^t^VvCtt, V^CO 

l^oT, &fI2/:7 hfchN-Jf f£s V*?* — >&-?X?l£^y^><yi-Z 

1 3 0 nm-£X-(Dm$&frb. 90nm, 6 5nnu &t?\z.n4 5 



5 



ia&OiSKU ±f2*S#i¥06, 4 7 2, 1 0 7^|i, ^Kvx^«- 

m^zzt^v-r*>y®&i>mm£ti5zb&nm.£i%, #4*086 3-3 

98 9 2^TO K^^SrfflV^di-e, CT>mm$:fa±£l£Z Z 

m*&trft$LTiz*$^x. v—Tjzs'rgj&z&iffli,* fr^m^cnmrnzft 
mx.t*oD (ytm&m) #3. o&>±) ^*"e mftmnnmfc 

fift^w^^u, /<-<~rvTx?\zit^ ¥mftmm£&i-tZ'<? 

,*f-^*KMk UT«#LTU*5 tv^WHfcfcD* ^^^fc#©5»5£ 
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^feK&V^T, ^fttt^gi:^ JtufB^PA^ — ^^^fc^^n A 
$1, ^ * n A J^co 31 5/ ^ v d** L fc^f 3 <b ft <5 ^ y ^ 



7 



tetany ^^£^j£^;5i;g£^A,T*&v\ 



8 



?-is>f^*t?s<#~i/%:, ism^mymmais? MoK7^x y fy^^ 

striate a/-?^— vSrT^-^fca&o^u j*m. ^oAgoiy^- 
v?^^y^>'y&m&Mvx^y^>y^x?s<f'~^&tef&.i-zj:m. 

i> wH^-y^^?^*?,*?— t IT, BufB* a Amis 
5'^>'i5 r ^rifebrtfnB^cii )> y? : jr— 5 XIS £ , U^PA/^-y 

t>Av\ ^fc, Htfisoi^^^^^^/-?^-^^, ELto&sjk&m&nrr&mk 

|Eoi 2 ,^^ ; r-v^^x-?^^-v^^i-5XS^^3V>T^#L^:^^ 1^* — 



9 



mtfay-rhmts ?*j*mts ^^^fm<Dh^^^^ : f-y^KMvxm j m=t 



10 



&XZ5 Q r<0J:5^«>^V^-v^.^^^-^^#Sfc:^(rf* % Iflx.^ #C 

t LT^i^/l^O ZZolzmmL.. ^tl*x-y^l/<? 

■±ft<D Fy^^y^-^^tit^VX, mjj&O^ y^^y&ftfrti 

$e>^x J*^ft<D h*7^^.y^>^i^ &Jj&^y?-^y*f&fttfl§S 
<fatltcmffiMft<Ds<#—^tmf&£iriMi,^yT>?'X3bZ><, 

-Y^>-£#:<z> Y^^^-y^ifycm^^is^b L,xn, 09*.tf, sf 6 , cf 4> 

C 2 F S , CHF^Oii^^, ^tubirHe. H 2 , N 2 . Ar, C 2 H« N 0 2 
H 2 , N 2% Ar, CjH^O^-e'tfX&JBV^r t^x*#^ 0 



11 



K — VtfJ^O^&V^^. MD#ST, *V^I^5>^ h*ll(ilfe$r 



12 



* ^ t u-c * o j*mtz h*y^^-y^ ^y#m*m-r ^tiaox, » a 



13 



is~*<oy* —*J*m&tz>&m&i3i < ft ?> x r. co «t 5 ft*#Sr#!UBf 5 r t ^ 

■STfSifto*;, 

5 r t dSnrii t ft o fc 0 



14 



^**5J:tm«Ba3^©lWBj*»tJ{KI¥4:#«:UTt> idEui?^ MR*, 

v^©BW5*»e>, rnm*m%k^?'?->?-*'x*'Sfi~ ^vj&mn^ atrial da 
Mte>wmi&k#r*#* wiu?vj»m<DoL~,^isyj&r ^^^^^^^ 



15 



r^Mtit), mK<omz±Kzmmnx*<D&m&.%tc>&igz^ gasmen 

*3SWfc*5V^r % ^lEii$fel^«, «f*3te«ittf % KrFx^l/-f, a 
- -X\ K r F^^f J"7 U-f Ofeftlij^ 2 4 8 n m, ArFx^viz-f 

5feU CrWoKKR&f, CrO Ht*&-£tr £ «b frSHEU * 

tub©M*«:l3£t5 t>WXii*V\ J^T\ CrN, CrC s Cr 

CO s G r CNv CrON, CrCON4^©|i, tS&M. &fifc«&Jg^*> 

c i ,asftfc— ttwefcsav sici 4 , hc k cci 4> chc i 
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Si, Mo S i Os Mo S i N, Mo S i ON, S i SiO, S i N, 

S i ON, Talfc Ta B, W, WS i , Ta S i, ^\T7^:JV7 7 x# 

-r-^y-^^uiRgk-r, ^oa^^— ^^^^ t b-c^s/^v^^tb^&ta 
timi/y h-^^^5&5fc5o />— y h—i/m&fa>y v^r*? t urn, *£JiM 

\z.-?*?mt LT^v>bti-5^>3A^^— ^ev^— isi&m^. mm^^y 

d£2S-C-#£ (^b) d 

fco^fc5 o TMote+g^7 ^^cox•?^-v^^v^p > ^^•5 



17 



(Stfif n o Ag&** - ± 0 PS p £ *<&J3lia<Z>*&3&'< 

maris o° o^»ji6fi&ffi^7f«tj:9, BBP^-^fc-eojaia©^* 



18 



^m%mm^-7 hm^yxn^m^yf-^^i-^^x-r^^k x^xmm 

as-e^s (nan. 

±iais^A, d, e, f, h, itfevvctt, W8m^y<f-i/<f-** 

W^v^cj; !)^JtiT s ^-V^ffei: Ut^ltU 5 tv^fS 
-tZ>Tctb<DmXhZ> 0 

m 2 ^»jr-ft^ vtz uz?* hs*#—>(D%&mx<hz> 0 



19 



#L^X\ ^-©ft^rtl*^oA (Cr) 9— ?y h^BBeSHfc 

mvtz mi (a) #fig). 

&#8MCtiU *i\ 7VV=<V (Ar) fcgfif (N 2 ) ©^^^#If[ ( A 
r :N 2 =7 2 : 2 8 [#3S%L ffi^»0. 3 [Pa]) cpT% SJtS#^^>>^ D 
^SrfTPCtKlJ:'?. m&2Q [nm] ©CrNi^tt 

T/Wrf^ (Ar) tpf^^ (CH 4 ) <£>^#;*#ffl^ (A r : CH 
4 =9 6. 5:3. 6 JKfrO. 3 [Pa]) f>T\ 50fiH&*^;y !> 

y?&n?^ fclCj;9 % CrNi<D±t, Jg?J^3 7 [nm] ©CrCl^I 

3s£ttT s T^=fV (Ar) i:-Rflsfc* (NO) <oaa«fr^^#BB« (A r : 
NO=8 7. 5:12. 5 [#3gf%L JEE^O. 3 [Pa]) ¥T% KJfctt*^ 
y^^m^iia^ C r Nfl!©±fc, J»£# 1 5 [nm] OCrO 

^±©CrNji, CrCE MCrONfglt ^ V^^s/^^g^ 
%^XTM%tmzj£m&tlt£-b<OX&*)^ :MCrN, CrC, MCrON 

i^t^xmmztix^^* 

&^T% l^PAg2©li!:, ^-y^V (Mo) k->V=*^ (Si) 
<D®&9—?y h (Mo : S i = 2 0 : 8 0 [mo 1 %]) £fliVNT\ TVWrf" 
> (A r ) t (N 2 ) <Z)?S-^^r^#ffi^ (A r : N 2 = 10:90 [fle 

JBE^O. 3 [Pa]) tp-C, KJfctt^jr^y ^?&ft?Zb\Z£ 



20 



5^*5 9 2 [nm] COM o S i N^W^^ ac. y + l/if-r* ? mm 3 U 

(mi (b) #jg) 0 

(ZEP 7 0 0 0 : B^-fef^ftM) tT^a— hfelw«fc *?M^4 0 0 
[nm] fcfc*J:5tefi*L*: (01 (c) #fl&). 

^ 1 lZimirti. 

jfeVNtf. W^J^teSfrU B*«f ttllO J B X 9 0 0 0 t i ot«f« 
OTfU SMfel/X\ 02}C^i-± p^Ui?^ hx-?^ — ^4 1 (-0. 4/iin©7 

^ (01 (d) *JIS). 

(emu- 220) %m\<^x AntexxfBmzm^x^ti^frmfeisfr* 

13^ SF 6 tHeW^^^\ JE^J : 5 [mmTo r r] 

3 1 Ife (HI ( e ) #01). 

&^T\ h^i? — >4 lSt5#l^^5'^^^^^^^'-^3 1 £ 

^**lcLT;&ftte*aAlgS2£r, C 1 2 1 0 2 &/BV\ JBE^J : 3 

mmTo r r <D&#(c-C v ^ >f V<fc£&|JB 9 &< itWc (=-ftyi5^^ 

<HTV\ igfttt^nj^-s^-^ 1 £?&£Lfc (g]l (f) #m)o 



21 



SHUU U^S^. 0f^cD^$rJSLT7^- Fyx^ i 0 (01 ( g ) 

SUfc (01 (a) #fig) 0 

*frWtCtt, 7VU=*V (Ar) (N 2 ) Ojfi^^M* (A 

r : N 2 =7 2 : 2 8 &tiO. 3 [Pa]) *T\ gfS^Xy^ \) 

I'f&ftlZ.klCi:*)^ HI 20 [nm] ©CrNl^lLfc, 

mfX. Tfi"=l> (Ar) i^^^ (CH,) (Dm&tfxmmH (Ar : CH 
4=96. 5:3. 5 ffi^O. 3 [Pa]) tpT\ H/fr&^s/ * J) 

^y*?f?Z.biZ£*) s CrNiWiC, Iffif37 [nm] <OC r CR»J«R 
Lfc„ 

«Ef*T, T/l^V (Ar) BMfc&* (NO) W^^fX^a^C (Ar : 
NO=8 7. 5:12. 5 [#gf%L J£*> 0 . 3 [Pa]) EJfctf:*^ 



22 



-y?V ^^n^^tlzXK). CrNi©!!:, mm I 5 [nm] OCrON 

«Jh©CrNg, CtCE &tfC r ONjgf± N /f^^^y^gf^ 
^V^^^tC^^ttfc^^T?^)*?, rtvbCrN, CrC, JBlX*C r ON 

2l3fett^c^2<o_h{c: x -&y^> (Mo) fcvy^y (s i) 
©^^-y?' 1^ (Mo : S 1 =2 0 : 8 0 Cm o 1 %]) -Sr^T, T/V=f 
^ (A r ) (N 2 ) (A r : N 2 = 10:90 [# 

BE^jO. 3 [Pa]) «p-e s ^Ktt^^^y v>/£ff 5 

[nm] ©Mo S i H&V>tim3kx-yf->'4r^x*mR3 Srfig^Lfc 
(Ell (b) #Jfc)„ 

(zep 7 o o o : s^^-^itm) ^^^y3-^i£|ri tJjRJ5C^4 o o 
[nm] £&5£?{C^fiJL/c (01 (c) $!£). 

^ 1 l&JpfllUS:. 

^>X\ l^;* h4IC*fU a*n+#M(D J BX9 o o oiaot^H 
1SIU Mtt, S2lC^tJ:54^M^4 1 (0. 4 M mCD7 

zm&istc mi (d) #j$) 0 

ffrSfeLfcl^;* — 74 If*, ffiftl£[^— — iX^b&S Agflt B£f$ 

ASBSr-g'tf^sacO^tt^H^U'^^ h#Bfc*£*vf ic^tffifca 



23 



(EMU- 2 2 0) ^V^A$P*5J:UCB$P^*5lNT^tV^tl4iy^Lfc 0 
H3£, SF, iHeCOM^tfxSrfllVv JBE^J : 5 [mmTor r] 
3UKlfc (Bll (e) 

-^3 l^^.Sr-rx^(^UT % l«^BA|g2^ C 1 2 t 0 2 ©21-^fX & 
JBV\ ffi^J : 3mmTor r tf>3M*HCT. *-Vt4£:RR»5 fc< ^#>£ (=^^- 

7-r^s/^^^$rffV\ SBtte^P — >2 l Sr^riJL,fc (HI (f) # 
JSfc*SrlteUr7* h^rx^ l 0 3r#fc (Hi (g) 

1 tlRI^^^:CD-SEM$rffiv^TA^flJ*5J:tJ«B§6{J:*5^^T^i^'ei^^ll^Lfe Q 
BA/<^2 10tttD ©SEW:. ^tf<^rt|rinmt«fet), ffi 

fx6^yfxo. 2 5-fvf©a3l6tt5(Riiftfc. 



24 



t0 2 <^ig-S-^^^IV\ JE^; : 8 mm To r r©|fr|CT, ft&D'f 

&vn-c% ijfettitiojii^ ^y^^ (Mo) ti/y^v (si) <du 

y y ( Mo :Si=20:80 [mol %]) &JBV>-C, T/V=?;x 
(Ar) (N s ) <7>^^#H^ (A r : N 2 = 1 0 : 9 0 [^%] % 



25 



JE^JO. 3 CP a]) D>y&ft5ZttZ.£V^ JBgj? i 

0 0 [nm] ©Mo S i N^©^I3feWtt'>7 H5$:MLfc (03 
(a». 

mvtc m3 <b)) 0 

[nm] <0Mo S i N^<D^m^y^>^^^^ mms &&mV± (S3 
(c))„ 

^h4^r^e>-=t-hi£(i:i:t?MJ^35S4 0 0 [nm] i: fcS £ 5 fc&* Lfc 
(S3 (d)) 0 

£*_hK£9, 33tettK« l JtKi, Mo s i N^fl1sF30»fe<esi|£a3fcttofipts' 

zmmviz (W3 (d». 

gl2|C^-rcfc p/^U^ h^-?^ — ^4 1 (0. 4 ^mC07-<'^&^^— & 
7£$U #fe^fcV^ — ^4 l^Tt-fe*, CD-SEM^V^Alfii 

*5j:tfBffl^*5V>T-t^*L«|JfeLfc (0 3 (e)) 0 

•r;*.^/^— ^3 1 *Mi$.\-,tz. (1213 (f)) e 

f^«:f?V\ l^nA/^^2 1§:MLfc (03 (g)) D 



26 



tfigfttt* n^/-?^->-2 l&^X^teLT. &*@->:7 Mg£5£, SF S tH 

etoU^tf^Zm^* ffiTJ : 5mmTo r r^frCtF^^yf 

V\ tfi->7F/^-y5 1«U: (S3 (h)) B ^©tt, MoSiN 

->ffi@J/7h^^) (S3 (i)) 0 

t fflmz C D - S E M&JB V A&5:i3 J^T^B^lJljoV^-C-^;^,-?:*!^!!^ bfc„ * 



27 



&V>T\ Sttt£g&l<a±l^ ^-U^V (Mo) iv^yay (Si) ODjg 
— tf-y Y (Mo : S i = 2 0 : 8 0 [mol %]) £/BV>T\ Tfrztls 
(Ar) (N 2 ) ©$B£-:tf;*#I155 (Ar : N 2 = 1 0:90 lftffi%]^ 

jETjO. 3 [Pa]) *T% S^tt^^y^ J> V^ff S^KJ; •? % JgJ?l 
0 0 [nm] <DMo S i NI<D«ffiOtffi^7 MS^gLfc (^3 
U)) a 

5©±CCrNE CrC^, XtfC r ONflEA>g>&&X%&? » Ag2 
RUfc (0 3 (b)) e 

[nm] ©Mo S i N^C9«^rc 5,^ v^.*^^ 3 ^jgUfc 3 
(c)) D 

* h4«r^tfVa-hfe|C±0«ti?a*4 0 0 [nm] 
(S3 (d)), 

jaJbJcJ: S3fett»tl±lr v Mo S i N»*ma»&*5^3tete<0#ffi ' 
bJK5 ^ Cr3R|f^»b4««»tiAR2t, Mo S i NS5*ma> 

H£fB->:7 M©7^- f^x^y?^ 1 1 (/v-7 h—>4SLHi/7 h-r 
^^/7^) ^iiUfc (B3 (d)) a 

S&i'v'x h/-^ — ^4 1 (O. 4 J um©7l'y&7^) £■ 
3#J?£U &htltclsi?X h'<# — ^4 1 <E>Tf-fe£, CD-S EM&JB^TAglJ 

texvBmz^^Tzth^tim&Lti ms (e)) 0 



28 



^^/^-/'SlWUfc (S3 (f)) 0 

(g»o 

tfStottt* o A/^~y2 1 $r-v*^K:L-C. teflf:? hl^S*. SF 6 £H 
eOfete-tf^&m^, EE?}: 5mmTor r (D&W^X K^-Y^t y^-lsfrik'tt 
V\ fitf!^ k^-V5 1 &7&£Lfc (1213 (h)) 9 

I/l^^DA/^-y2 l^^pUt, teffiv-^ h®&5£ % SF 6 tH 
etOfB&tfX&M^s &2) : 5mmT o r r©^fr|Ct K^-Txy^y^^ 
V\ &^7M^-y5 1«Lfc (S3 (h)) 0 :©t§,MoSiN 

^2fe)^Sri£LT, ^— 7 h — Vtefev^ M?)7d- h*^*^ 1 0 (/>— 7 h 

~is\m^7Y &wt mz (i)) 0 



29 



CS&2tt&0!l] 

^ ? ^f-vX ? mm 3 Sr^-a~f f£:7 * h ^ Sr^jt-r 

&i>T\ M?tt&mfci<o±\z.. »2SQfi«iR«|C, igioo [nm] o 
Mo S i N^o^3t14o^v-7 M*5$:fi!UfcUfc, 

5©±|c:CrNl, CrCl, St;CrONl^b^IWcA^2^ 
^=*<- hmz. £ V mm&4 0 0 [nm] ifcS-fcSfcfefrUfc. 

^Vnt? n h^i?— ^4 1 &I*»Sttt£* p — 2 1 ^^^^^U 



30 



£ TOfc C D - S EM&m^XAU&2:VBmz.*$^XZ:]ri?}imfe L*:, 

^jgftte^ pA/-?*— >2 1 t L*C, ffi*SSgdi|$l 8 0° fc&5i8 

^itt, C 1 2 t0 2 £He<Z>2S<^#;*£MV\ JBE7J0. 3Pa©ft#fcT 
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WRfk&tol 8 0° 1 8 0 nm^$|C»iyf ^Lfc 0 d 



32 



F e tHecoig-S-^fc/Bv^as, K^^y^^^fcfgjg^s- 
tT, CF 0 C 2 F 6% CHF S ^^ S Xf*. tflfefcHe, H 2 , N 2 , Ar, 

S i NX t <Dtf&&tim Lfc#, Mo**, Mo S i. Mo SiO, M o S i N» 
Mo S i ON, S i SiO, S i N, Si ON, Ta#, Ta B, W, 

WS i , T a S i &&m^xhm&<o%)&imz>*iz>o 

i"5^iT% CH Z C 1 2 iO 2 C0|S^^ % Xf*, rtlt,iHe, H 2 , N 2 , A 
D«f«©«e>o#36S(aHi:*«). WB««»cA€>r fti^c 

D»«cr>iie>o#isiajHi ; '3;«) tefa^ vm^-rz^-y h—^mms^ 
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2. jKffEV^x ^Sr^^lcawa^o Affile ^y^-^-rsjfrft- 
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4. m^v^sy^*? i/*^ Mm?nj»'**—i'B&mcmM 
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8ME8*ttS«-hK:\ m& 3 ft&ftffiL&i''7 h'^-V&^-r* 
(D=e.y^ ^jcSt L-CiHS:*:^ « ^Mg^fclW* &^x y fy^^ 

stria hs<?*~ y&^x? t vxttu^yj-i/?-*-*? mmz. k^-t^ 
15. wm^mytmmis? hm^ ^^i^ovou^ 



36 



9>9/^ 9>9*T><D$hffitifr—<>&'Ptj:<tt>'£tf#&i!>*b 

mfzisi?* hm\zffim<D'<9—^&&^ attsriiat)^ v^9 
Huia^^ i/&-**9 1 vx^m^yf-^^^^m^z. y*7<<^ 

y^^9'm&%M\,X^vT^9'^*?;<9—l'*m&-rz>TMb, 
wm^-y^>9'*'*9/<9~ >*-**9 k LT V fiulE^ nAJIfc K^acy 

m&9x*2K'<9~:s<offim<z>—toxtt:±to&to&'r&xmk 



37 



fc* -^5»#©*6BB#1 9^C|Hm<07* h-^^^OMit^&o 
2 5^iB«fe«>7^ h^**:/^^ 0 
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2 9. wm^r^jr^xfrnmnK ®»tsfrjh«SB*wr*K-efc5 
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mft&Mtii (1) -bte, @3fettSSi (l) Jb^SrtK&V^T^&fciiq^ 
H^-TSifciA/N-^-^ (2 1) #J&&t!tl1t7*h-*X* (10) OlSat 

( 2 ) <o=. v ^^\z.n vxm^m-r zmm^um* ^z^y^-r^* 

jrAf—ls (3 1) ^V>S e i-i^x h/^-y (4 1) *^r*?\z.f u J±m 
(2) &^y*>'rir&ittMfr&-CZ**\r*m&<Di'*Sx hs<*->- (4 1) 



